Abstract.-The attenuation of longitudinal sound wave at 10 KEz bas investiqated in bcc 3~e crystals with 4~e inpurities at a molar volu~e of 24.4 cm3/mole. The attenuation became amplitudedependent after the crystals were cooled below the phase separation te~perature. Kamely, the amplitude dependence appeared at 86 mK and 98 mK for 4~e concentrations xq = 480 ppm and 1600 ppm, respectively, and disappearedat 350 mK irrespective of xq. The critical amplitude above which the attenuation increased was independent of x4 and T. It is proposed that screw dislocations which were multiplied in the course of the phase separation were responsible for the effect. The critical resolved shear stress is estimated to be T~ = 5x10-5p from the critical amplitude, where p is the shear rrodulus. The value of T , is considerably lower than the Peierls stress so that the dislocations possibly tunnel the Peierls barrier.
It is well known that a solid solution of 3bie and 4~e undergoes a phase separation at a temperature TPSs1) The phase separation curve is well described by the regular solution theory, but it is slightly asymmerical due to the difference between 3~e and 4~e atoms in the amplitude of the zero-point vibration. 2r3) We report here the first ultrasonic measurements on bcc 3~e crystals with 4he impurities which are cooled below the phase separation temperature.
The concentration of 4~e in the sample gas, x4, was determined by a mass-spectrometer-type leak detector (Shimadzu Model MS-E) with an accuracy of 5%. All the crystals were grown at a constant pressure of 33 atm. The corresponding solidification temperature was 0.7 K and 3 the molar volume was 24.4 cm /mole. After the solidification the filling capillary was blocked and the attenuation and velocity of the longitudinal sound at 10 HBz were measured at the constant volume.
Amplitude dependence of the attenuation was found when the crystals were cooled below a temperature TA ( 2 100 mK). Figure 1 shows the attenuation in crystal No.% with 480 ppm 4he at two temperatures above and below TA on a cooling run at input amplitudes, I, between 10 and 60 dB. The input amplitude of RF-pulses was varied by a step attenuator and the amplitude of the sound signal was read on the oscilloscope. A 20-dB attenuator was inserted between the receiver transducer and the ampli-
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fier to avoid distorsion of large (Table I) . We may therefore take a's at I = 20 dB and 50 dB as representatives for the low-and high-amplitude plateaus, respectively. The attenuation increment is defined as Figure 3 shows a(20dB) and a(50dB) for crystal No.9. On the first cooling (run 1) a(5OdB) rose at TA = 86 mK and reached 6 dB at 78 nK. Then the crystal was warmed up to 600 mK (run 2). a(50dB) at first remained constant, decreased gradually above 200 rnK and diminished a t T B = 350 mK. On the second cooling (run 3) the variation of cu (50 dB) was Z x r u n 3 similar to the first coolina.
1: 50dB In this run the temperature was a (50 dB) was reproducible when the crystal was warmed above TB = Fig. 4 : a(50 dB) and a(20 dB) in crystal No.14 with x4 = 1600 ppm. 350 mK.
In Fig. 4 u (20 dB) also shows a hysteresis which is, however, amplitude-independent.
The observed values of Ic, Aa, T and TB and the sound vecocity A vO are summarized in Table I . As seen from this table, TA increases with x4 and Aa is also an increasinu function of x4, so that we may suppose that the appearance of the amplitude dependence is related to the phase separation. The curve in Fig. 5 represents the phase a r e h i g h e r t h a n TA a t corresponding ( 4 ) phase s e p a r a t i o n should proceed t o some e x t e n t b e f o r e t h e amplitude dependence a p p e a r s .
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I t seems a t f i r s t s i g h t t h a t t h e amplitude dependence of t h e a t t e n u a t i o n i s caused by t h e c l u s t e r s of 4~e atoms formed a s a r e s u l t o f phase s e p a r a t i o n .
However, i t i s n o t t h e c a s e because t h e amplit u d e dependence i s s t a b l e a t much h i g h e r t e m p e r a t u r e s t h a n TA and TpS, where t h e phase-separated s t a t e cannot e x i s t .
Amplitude-dependent a t t e n u a t i o n i s u s u a l l y caused by d i s l o c at i o n~.~) A l a r g e number of d i s l o c a t i o n s a r e p o s s i b l y i n t r o d u c e d i n t h e c r y s t a l s by t h e phase s e p a r a t i o n because o f a s i z a b l e l o c a l d e f o rmation accompanied.
The molar volume of a p u r e bcc 3~e c r y s t a l a t 3 33 atm i s 24.4 cm /mole w h i l e t h a t of a p u r e hcp 4~e c r y s t a l i s 20.4 3 cm /mole a t t h e same p r e s s u r e . S t r a i n f i e l d around t h e c l u s t e r s of which a r e formed by t h e p h a s e s e p a r a t i o n , s h o u l d
be r e l a x e d by p l a s t i c d e f o r m a t i o n i n t h e m a t r i x o f b c c 3~e .
I n a p r e v i o u s p a p e r 5 ) we r e p o r t e d a m p l i t u d e dependences f o r hcp 4~e c r y s t a l s c o n t a i n i n g 30 and 300 pprn 3~e . I t was a t t r i b u t e d t o unp i n n i n g of t h e edge d i s l o c a t i o n s i n t h e b a s a l p l a n e from 3~e i m p u r i t i e s because t h e c r i t i c a l a m p l i t u d e I~ depended upon t e m p e r a t u r e and 3~e c o n c e n t r a t i o n . I n t h e p r e s e n t c a s e , on t h e o t h e r hand, Ic depends n e i t h e r on t e m p e r a t u r e n o r on 4~e c o n c e n t r a t i o n .
T h e r e f o r e t h e d i sl o c a t i o n s i n t h e b c c 3~e c r y s t a l s a r e of screw t y p e and t h e i r o b s t a c l e s a r e n o t 4~e i m p u r i t i e s b u t t h e P e i e r l s p o t e n t i a l . 7 dyn/cm2 a s t h e a p p r o p r i a t e s h e a r modulus.
The d e p t h of t h e P e i e r l s p o t e n t i a l AV o r e q u i v a l e n t l y t h e P e i e r l s s t r e s s T can b e e s t i m a t e d by s e v e r a l ways. The normalized P e i e r l s P stress i s T / p = ( 3~6 ) x~o -~ i n most b c c m e t a l s .
I n t h e c a s e of b c c 3~e P t h e z e r o -p o i n t e n e r g y of a s t r a i g h t d i s l o c a t i o n i s much lower on t h e h i l l o f t h e P e i e r l s p o t e n t i a l t h a n i n t h e v a l l e y o f t h e p o t e n t i a l s o t h a t AV i s reduced a t l e a s t by a f a c t o r of 1 5 i n a c r u d e e s t i m a t e . 6) Hence r /p < 4~1 0 -~. Experiments on t h e p l a s t i c d e f o r m a t i o n i n bcc 3~e P a t 54 atm7)-suggests t h a t T /u i s of t h e o r d e r of 5~1 0 -~, which g i v e s P a n upper bound t o T /p a t 33 atm.
I f t h e e s t i m a t i o n s a r e c o r r e c t , T P C i s an o r d e r o f magnitude s m a l l e r t h a n T A s Ic i s i n d e p e n d e n t of temp ' p e r a t u r e , t h e p o s s i b i l i t y o f t h e r m a l a c t i v a t i o n i s e x c l u d e d . T h e r e f o r e , w e may c o n c l u d e t h a t a d i s l o c a t i o n p e n e t r a t e s t h e P e i e r l s p o t e n t i a l b a r r i e r by t u n n e l i n g under an a p p l i e d stress which i s h i g h e r t h a n T~. W e a r e p r e p a r i n g a new equipment f o r t h e p l a s t i c -d e f o r m a t i o n measurement a t t e m p e r a t u r e s down t o 0. ( 1 9 6 2 ) .
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